riety of conditions. Recently, several reports have shown that free radicals may also play an important role in cardiomyopathy, and they have been shown to perhaps produce myocardial damage in catecholamine-induced cardiomyopathy,1) alcoholic cardiomyopathy,2) and adriamycin-induced cardiomyopathy.
3)
The BIO 14.6 cardiomyopathic Syrian hamster is a well-known animal model of congestive cardiomyopathy.
This strain of hamster exhibits progressive skeletal muscle weakness (dystrophy) as well as myocardial damage, but the heart disease is its most prominent feature.4) It is well known that many of the necrotic lesions in the myocardium of BIO 14.6 Syrian hamsters appear by 40 days of age, and then heal at about 90-120 days of age. Subsequently, few new lesions appear and hypertrophy of the heart develops from this time.5) In this phase, clinically evident disease is usually absent, but some animals die suddenly and are found to have intramyocardial calcification. The terminal phase is marked by cardiac dilation and overt congestive heart failure. The progressive accumulation of intracellular Ca2+ is causally related to the onset of cardiomyopathy. 6) On the other hand, histological studies have shown cardiac degeneration in BIO 14.6 hamsters resembling reperfusion necrosis, and functional spasm of the small intramyocardial coronary arteries has been demonstrated. 7) Furthermore, it has been reported that the levels of myocardial free radicals and lipid peroxides were significantly increased in BIO 14.6 Syrian hamsters. 8) Skeletal muscle lesions occur earlier than the cardiac lesions, and the animals exhibit progressive skeletal muscle weakness. It has been suggested that active oxygen species may play a significant role in the pathogenesis of skeletal muscular dystrophy.9),10) Many reports have shown that the concentrations of thiobarbituric acid-reactive products were raised in the dystrophic musculature of BIO 14.6 Syrian hamsters and dystrophic chickens, and it is suggested that this finding indicates the presence of an increased turnover of active oxygen species.11), 12) Thus, there are several lines of evidence in the literature to suggest the involvement of free radicals and lipid peroxidation in the pathogenesis of the cardiomyopathy of BIO 14.6 Syrian hamsters as well as in their muscular dystrophy.
The toxic effects of free radicals are prevented by scavenging systems, and the antioxidant status of a tissue constantly varies with the pathophysiological conditions imposed. It has been shown that tissue and cells can be damaged if the formation of free radicals and/or the extent of lipid peroxidation exceeds the capacity of the protective mechanisms. 13 Jpn. Heart J. S eptember 1991 could reduce the development of cardiac damage in BIO 14 .6 hamsters.
DISCUSSION
In this study, we investigated the roles of free radicals and antioxidants in the development of cardiomyopathy in BIO 14.6 Syrian hamsters. We have shown that there is an increase in the concentration of free radicals in mitochondria in the hearts of BIO 14.6 hamsters. The concentration of catalase in the heart is very low unlike that in skeletal muscle; since the major endogenous antioxidant enzymatic defense mechanism in myocytes involves SOD and GSHPx,21) we measured the activities of these two enzymes.
The activity of myocardial GSHPx in BIO 14.6 hamsters was found to he approximately twice that in the normal control hamsters at 30 days of age. However, we could not find a significant increase of GSHPx activity at 90 days of age. BIO 14.6 hamsters exhibit progressive skeletal muscular dystrophy as well as cardiac and skeletal muscle lesions occurring earlier than overt heart disease.4) It has been reported that active oxygen species play a significant role in the pathogenesis of muscular dystrophies. It has been shown that the activities of catalase, SOD, glutathione reductase, and GSHPx are elevated in dystrophic muscles in humans and animals, but that thiobarbituric acid reactive products are also elevated despite the increased presence of antioxidant enzymes.9)-12) Mizuno has suggested that the marked increases in the activities of antioxidant enzymes are a response to increases of active oxygen species, and that they reduce lipid peroxidation and probably help to maintain skeletal muscle function against higher oxidative stresses.12)
The antioxidant status of a living tissue is a dynamic function that is constantly adjusting to various physiological and/or pathophysiological conditions. It is well known that the failure of this compensatory antioxidant adjustment, due to either an increased production of free radicals and/or reduced activity of the antioxidant enzymatic system, could lead to damage of cellular functions.
In this regard, a number of studies have reported changes in antioxidant enzymes under a wide range of physiological conditions, such as changes related to age and exercise.22) GSHPx activity has been found to increase levels of peroxidized lipids.23) Gupta et al have suggested that the myocardial adaptation to increased pressure loads is accompanied by a higher level of activity of the radical scavenging enzymes, and further suggested that this greater antioxidant capacity in the heart reduces lipid peroxidation and probably helps to maintain cardiac function against the higher oxidative stresses.24) Therefore, the increase in the GSHPx activity in BIO 14.6 
